ABSTRACT. The effects of the salt-to-metal catalyst ratio and amount of digestion mixture on total nitrogen content in different materials using the Kjeldahl method were evaluated. Four samples with low nitrogen contents and four samples with high nitrogen contents were analyzed. The study evaluated two ratios of salt (sodium sulfate) to metal catalyst (copper sulfate) in the digestion mixture (10:1 and 20:1) and three amounts of digestion mixture per sample (1.0, 1.5, and 2.0 g 200 mg -1
Introduction
In animal and human nutrition, the most common procedure to access the protein content of feeds is based on quantifying the total nitrogen content and then multiplying this estimate by a factor, usually 6.25, to express the results as crude protein or protein equivalent (Chang, 1998; Silva & Queiroz, 2002) .
Among the methods applied to quantify the total nitrogen content of feeds, the Kjeldahl method is the most widely used. This method was initially developed by the Danish researcher Johan Kjeldahl in 1883 and is a routine analysis in laboratories of animal nutrition. However, the cost of such analysis is a function of the amount of reagents used to perform the procedures. Moreover, a considerable amount of waste is generated, which increases environmental risk and the costs due to the greater demand for waste treatment.
In the Kjeldahl method, sodium or potassium sulfate is used to elevate the boiling point of sulfuric acid, which is 180°C, raising it up to 400°C (Chang, 1998) . Such high temperatures are essential to Maringá, v. 38, n. 1, p. 45-51, Jan.-Mar., 2016 achieve the elimination of organic matter and retention of the nitrogen in a stable mineral form (ammonium sulfate). Copper sulfate is used as a metal catalyst to increase the generation of reactive forms of oxygen and the oxidizing power of the digestion solution (Silva & Queiroz, 2002) . Although copper sulfate has lower cost as well as lower environmental and health risk compared with other catalysts (e.g. mercury and selenium), its overutilization can cause accumulation in the environment, including water and soil contamination (Chaves, Souza, Chaves & Tito, 2009) .
The amount of digestion mixture (salt plus metal catalyst) recommended by the Brazilian National Institute of Science and Technology in Animal Science (INCT-CA; method N-001/1) is 2.0 grams per aliquot to be digested (200-250 mg) . The digestion mixture is composed of ten parts of salt (sodium sulfate or potassium) to one part of metal catalyst (copper sulfate). Decreasing the amount of the digestion mixture per sample and increasing the ratio of salt to metal catalyst in the digestion procedure of the Kjeldahl method could be an alternative to reduce the aforementioned problems.
The objective of this study was to evaluate the effects of varying the digestion mixture amount as well as the ratio between the components of the digestion mixture in the digestion procedure of the Kjeldahl method on the total nitrogen contents in different materials.
Material and methods
The experiment was performed at the Animal Nutrition Laboratory of the Animal Science Department of the Universidade Federal de Viçosa, Viçosa, Minas Gerais State, Brazil. Eight samples were used, four samples with low-nitrogen content (corn grain, sugar cane in natura, corn silage, and feces obtained from a feedlot lactating cow) and four samples with high-nitrogen content (soybean meal, cottonseed meal, casein, and cattle carcass). Additionally, a standard sample with known nitrogen content (HCl -Lysine) was evaluated according to the recommendations of Windham (1998) . Samples of feeds and feces were obtained in Viçosa, Minas Gerais State, Brazil. Casein (casein technical from bovine milk, Sigma C7078) and HCl-Lysine (HCl-Lysine 78%, Ajinomoto Animal Nutrition) were purchased directly from the manufacturers.
High-moisture samples were oven-dried (60ºC). Then, all samples were ground to pass through a 1-mm screen sieve (Wiley Mill; Thomas Scientific, Swedesboro, NJ) and stored in polyethylene pots.
The nitrogen analyses were performed according to the INCT-CA method N-001/1 (Kjeldahl method; Detmann et al., 2012) using the salt sodium sulfate (Na 2 SO 4 P.A., Vetec V000121) and the copper sulfate catalyst (CuSO 4 .5H 2 O P.A., Isofar 321) as digestion mixture components. However, different ratios between these compounds (salt-tocatalyst ratio) and different amounts of the digestion mixture per aliquot were used. The same concentrated sulfuric acid was used for all analyses (H 2 SO 4 technical grade 95% Vetec V0T0145).
The experiment lasted nine days, and each group of samples (low-nitrogen, high-nitrogen, and the standard) was analyzed for three consecutive days.
Each sample was evaluated according to six treatments following a 2 × 3 factorial arrangement. Two salt-to-metal catalyst ratios in the digestion mixture (10:1 and 20:1) and three amounts of digestion mixture per aliquot (1.0, 1.5, and 2.0 g, for 200 mg aliquots).
On each day of analysis, the samples were evaluated in duplicate using two digestion blocks (TE-040, Tecnal Equipamentos para Laboratórios, Piracicaba, São Paulo State, Brazil). Thus, for each low-nitrogen and high-nitrogen sample, a total of 48 aliquots and 12 blanks were analyzed per day, with two tubes for each treatment. For the evaluation of the standard, a total of 12 aliquots and 12 blanks were analyzed per day, as described above.
To perform the digestion procedures, approximately 200 mg of the samples were poured into glass tubes followed by the addition of the digestion mixture according to the aforementioned treatments. Subsequently, 5 mL of sulfuric acid was added. The tubes were then heated up to 400°C, and from this moment began the digestion time count. The digestion end-point was defined when the solution became liquid and translucent, and the brownish smoke stopped being released. The tubes were allowed to cool at room temperature. After that, distilled water was added to the tube in sufficient quantity to double the final volume of the solution and then manually stirred.
Then, the contents of the tubes were steamdistilled in the Kjeldahl distillation apparatus (TE-036/1, Tecnal Equipamentos para Laboratórios, Piracicaba, São Paulo State, Brazil) using 25 mL of a sodium hydroxide solution (500 g L , H 3 BO 3 P.A., Proquímios). Methyl red and bromocresol green were used as indicators. The final volume of the distilled was standardized to 100 mL.
The distilled was then titrated with a standard solution of hydrochloric acid (0.02 N for lownitrogen materials and 0.05 N for the standard and high-nitrogen materials, HCl P.A., Vetec V000154). The hydrochloric acid solutions were previously standardizing using sodium carbonate solutions (Na 2 CO 3 anhydrous P.A., Isofar 349) as described in method INCT-CA N-001/1 (Detmann et al., 2012) .
Nitrogen contents in the samples were estimated through the equation:
( 1) where: N is the nitrogen content (g kg -1
), V is the volume of hydrochloric acid solution in the titration (mL), B is the volume of hydrochloric acid solution obtained in the titration of the blanks (mL), Ne is the expected normality of hydrochloric acid solution (0.02 or 0.05 N), f is the correction factor of the hydrochloric acid normality obtained by using sodium carbonate solutions, and A is the aliquot weight (mg).
The evaluations of the analytical standard (Lysine-HCl) were performed based on the nitrogen recovery from the aliquots (g g -1
). The actual content of nitrogen in Lysine-HCl was established through the chemical composition of the molecule and the purity of the material. The dry matter content of the standard was performed in triplicate by the Karl Fisher titration method (Bruttel & Schlink, 2006) using the equipment 870 KF Titrino Plus (Metrohm, Herisau, Switzerland). The nitrogen content of the standard was 137.3 g N kg -1 of dry matter.
The statistical analyses of the nitrogen recovery of the standard were performed according to the model:
where:
Y ijkl is the nitrogen recovery in the aliquot l, at day k, using salt-to-metal catalyst ratio i, and amount of digestion mixture j; μ is the general constant; R i is the effect of salt-to-metal catalyst ratio in the digestion mixture i (fixed effect); Q j is the effect of digestion mixture amount j (fixed effect); RQ ij is the interaction between the main effects (fixed effect); D k is the effect of the day of analysis k (random effect); and ε ijkl is the random error.
Based on the results of analysis of variance, the evaluation of nitrogen recovery from the standard was performed through Student's t-test considering the hypotheses:
When the null hypothesis was accepted (3a), it was concluded that there is complete recovery of the nitrogen from the standard.
The statistical analyses of the nitrogen content and digestion time for high-and low-nitrogen materials were performed separately. It is noteworthy that the nitrogen contents were evaluated on as-is basis in order to avoid the accumulation of error from the estimation of the total dry matter content. The model was:
Y ijklm is nitrogen content or digestion time in the aliquot m, at day l, from sample i, using salt-tometal catalyst ratio j, and digestion mixture amount k; μ is the general constant; M i is the sample effect i (fixed effect); R j is the effect of salt-to-metal catalyst ratio in the digestion mixture j (fixed effect); Q k is the effect of digestion mixture amount k (fixed effect); MR ij , MQ ik , RQ jk and MRQ ijk are the interactions between the main effects (fixed effects); D l is the effect of the day of analysis (random effect); and ε ijklm is the random error.
Subsequently, another set of analysis of variance was performed for the nitrogen content of each sample evaluated by each treatment according to the model:
Y ij is the nitrogen content in the aliquot j analysed on day i; μ is the general constant; D i is the effect of the day of analysis i (random effect), and ε (i)j is the random error.
The estimate of residual variance (variability between aliquots) obtained from model (5) was used to calculate the repeatability of nitrogen contents according to each treatment as follows:
where: r is the standardized repeatability (%), 2 ε σ is the residual variance, and Y is the average content of nitrogen.
All statistical procedures were carried out using the Mixed procedure of SAS 9.4 (2014) and adopting α = 0.05. When necessary, average values were compared using the Fisher's Least Significant Difference.
Results and discussion
There was no variation between days of analysis (p > 0.05) for any of the evaluations, which reinforces the aspects of robustness of the digestion procedures evaluated.
There were no effects (p > 0.05) of the amounts of digestion mixture or ratios of salt-to-metal catalyst on the nitrogen recovery from Lysine-HCl, and all recovery estimates were found to be equal to 1 (p > 0.05; Table 1 ). This indicates that different salt-to-metal catalyst ratios and digestion mixture amounts have the potential to provide complete recovery of nitrogen in the other samples. The average nitrogen contents in the low-and high-nitrogen samples are presented in Table 2 . There was no effect (p > 0.05) of salt-to-metal catalyst ratio on low-nitrogen materials. However, there was an interaction (p < 0.01) between low-nitrogen material and amount of digestion mixture (Table 3 ). The evaluation of this effect indicated that only the nitrogen content in feces and corn samples were affected (p < 0.01) by the digestion mixture amount. For both materials, nitrogen contents were greater (p < 0.05) with use of 1.5 and 2.0 g of digestion mixture compared with 1.0 g (Table 4 ).
This interaction seems to reflect differences in the structure and composition of the nitrogen compounds of each material. Corn protein is mainly composed of prolamines, particularly zein, which consists of a helical structure rich in glutamine, leucine, and proline, with a high index of crosslinking and hydrophobic interactions (Argos, Pedersen, Marks & Larkins, 1982; Keith & Bell, 1988) . On the other hand, the nitrogen compounds from the ruminant feces are formed by indigestible microbial material, endogenous substances (e.g. keratinized tissue), and nitrogen associated with Maillard products or lignin, with low evidence of the presence of potentially digestible protein from the feed (Van Soest, 1994) . Therefore, these two particular materials appear to demand a more complex process of digestion, mainly by the action of the metal catalyst. Thus, decreasing the amount of digestion mixture may have impaired nitrogen mineralization. It is noteworthy that prolamins are in lower concentrations in corn silage compared with corn grain, justifying the lack of effect of the amount of digestion mixture in the corn forage.
For high-nitrogen samples, there was an effect (p < 0.02) of the amount of digestion mixture on the nitrogen contents. On average, higher nitrogen contents were observed (p < 0.05) by using 2.0 g (93.7 g N kg -1 as-is) compared with using 1.0 or 1.5 g (92.8 and 92.8 g N kg -1 as-is, respectively) of digestion mixture, which did not differ (p > 0.05) from each other. The greater demand for digestion mixture may have occurred due to the higher amount of nitrogen present in the high-nitrogen materials. There was an interaction (p < 0.01) between high-nitrogen material and salt-to-metal catalyst ratio (Table 3 ). The evaluation of this effect indicated that only the carcass sample was affected by the ratio, whose higher nitrogen content (p < 0.01) was obtained when using the 20:1 ratio (Table  5 ). The higher nitrogen recovery that occurred when this ratio was used could indicate an interference of the metal catalyst (copper) on conversion of organic nitrogen to ammonium sulfate. Many heterocyclic nitrogenous compounds, which are difficult to be digested, may be formed from non-enzymatic reactions involving creatine, free amino acids, and monosaccharides. The digestion procedure could be even more difficult when high-fat samples are heated (Johansson & Jägerstad, 1996; Skog, Johansson & Jägerstad, 1998) . Copper and iron ions can act as catalysts in the formation of compounds such as pyrazines and pyridines, which are precursors of heterocyclic compounds (Parihar, Vasundhara & Vijayayaghavan, 1981; Jägerstad, Skog, Arvidsson & Solyakov, 1998) . Additionally, the release of free radicals under the conditions described above can increase the formation of these types of nitrogenous compounds (Johansson & Jägerstad, 1996) . Thus, it is hypothesized that excessive copper could favor the formation of nitrogen compounds that are difficult to digest in samples of carcass and meat, which could compromise the nitrogen recovery, as observed in this study (Table 6 ). Incomplete digestion of heterocyclic materials (nicotinic acid) by the Kjeldahl method was previously reported by Etheridge, Pesti and Foster (1998) .
For both types of materials (low-and highnitrogen), there were effects (p < 0.01) of salt-tometal catalyst ratio and amount of digestion mixture on the digestion time (Table 3 ). There were no interaction effects for this variable (p > 0.05). In this context, the digestion time was reduced (p < 0.05) as the digestion mixture amount was increased, with an average difference of 21.8 minutes between the amounts of 1.0 and 2.0 g ( Table 6 ). The lower digestion time was obtained with the salt-to-metal catalyst ratio of 10:1 (p < 0.01), with an average decrease of 5.8 minutes compared with the 20:1 ratio (Table 6 ). Using larger amounts of digestion mixture and smaller ratios of its components decreased the digestion time, which can be explained by the digestion mixture's role itself in the process; i.e., organic matter oxidation and nitrogen mineralization occurred faster by using a greater amount of metal catalyst in the digestion solution (Silva & Queiroz, 2002; Detmann et al., 2012) . However, by considering the results for the nitrogen contents according to the characteristics of each material, the digestion time should not be considered the main parameter to be taken into account for establishing analytical protocols, once the changes in salt-to-metal catalyst ratio and amount of digestion mixture can affect the nitrogen recovery from the samples. The repeatabilities obtained for both types of materials according to the different salt-to-metal catalyst ratios and amount of digestion mixture were considered low and adequate, and there was no specific pattern among the factors studied. The values ranged from 0.21 to 2.69% for low-nitrogen materials and from 0.49 to 3.94% for high-nitrogen materials (Figure 1) . The apparent contradictions between the results observed for the standard (Table 1 ) and for the different materials (Table 3) only reflect the particular characteristics of each sample, which requires the breakdown of different organic structures before nitrogen mineralization during digestion. The total recovery of nitrogen from the standard indicates a potential for the use of any combinations evaluated in this study. However, the choice of the best combination is based on the particular characteristics of the evaluated materials, as previously discussed.
Thus, considering that the 20:1 ratio increased the nitrogen recovered from carcass (Table 5) and that the salt-to-metal catalyst ratio did not affect the other analyzed materials (Tables 3 and 5) , the general use of a 20:1 ratio is recommended. Several issues, such as the difficulty in stratifying large sets of samples with different nitrogen concentrations for analysis in groups, and the possible lack of knowledge about the chemical composition of the sample, indicate that the digestion mixture amount for nitrogen recovery should be 2.0 grams, as it yields the highest nitrogen contents for both types of materials.
Conclusion
The recommended amount of digestion mixture in the digestion procedure of the Kjeldahl method is 2.0 grams for samples of approximately 200 mg. The salt (sodium sulfate)-to-metal catalyst (copper sulfate) ratio should be 20:1.
